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Abstract

Background—Guidelines for post resection surveillance of colorectal cancer recommend a
collection of the patient's history and physical examination, testing for carcinoembryonic antigen
(CEA), and colonoscopy. No consistent guidelines exist for the use of abdominal computed
tomography (CT) and position emission tomography (PET)/PET-CT. The goal of our study was to
describe current trends, the impact of oncologic follow-up on guideline adherence, and the
patterns of use of nonrecommended tests.

Methods—We used Texas Cancer Registry—Medicare-linked data (2000-2009) to identify
physician visits, CEA testing, colonoscopy, abdominal CT, and PET/PET-CT scans in patients
>66 years old with stage I-111 colorectal cancer who underwent curative resection. Compliance
with guidelines was assessed with a composite measure of physician visits, CEA tests, and
colonoscopy use from start of surveillance.

Results—In patients who survived 3 years, the overall compliance with guidelines was 25.1%. In
patients seen regularly by a medical oncologist, compliance with guidelines increased to 61.5%
compared with 8.8% for those not seen by a medical oncologist regularly (P < .0001). The use of
abdominal CTand PET/PET-CT increased from 57.5% and 9.5%, respectively, in 2001 to 65.8%
and 24.6% (P <.0001) in 2006. Patients who saw a medical oncologist were more likely to get
cross-sectionalimagingthan those whodid not (P <.0001).

Conclusion—Compliance with current minimum guidelines for post treatment surveillance of
colorectal cancer is low and the use of nonrecommended testing has increased over time. Both
compliance and use of nonrecommended tests are markedly increased in patients seen by a
medical oncologist. The comparative effectiveness of CT and PET/PET-CT in the surveillance of
colorectal cancer patients needs further examination.

Colorectal cancer survivors are at high risk of cancer recurrence and development of new
primary tumors. The primary goal of post treatment surveillance is to detect recurrences
and/or new primary cancers at an early stage when they are potentially curable. Most

© 2013 Mosby, Inc. All rights reserved.

Reprint requests: Taylor S. Riall, MD, PhD, Associate Professor, John Sealy Distinguished Chair in Clinical Research, Department of
Surgery, University of Texas Medical Branch, 301 University Boulevard, Galveston, TX 77555-0541. tsriall@utmb.edu;
gavargas@utmb.edu..



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Vargas et al.

Page 2

professional societies recommend a combination of physician visits, serum
carcinoembryonic antigen (CEA) measurements, and colonoscopy after curative-intent
treatment for early-stage colorectal cancer. Although the benefit of visits to one's physician
has yet to be formally investigated, the onset of new symptoms in colorectal cancer
survivors is often the first sign of cancer recurrence; consequently, a routine history
collection and physical examinations are accepted as an important part of any post treatment
cancer surveillance program.

CEA measurement is a cost-effective surveillance modality in patients with CEA-producing
tumors.12 In some cases, an increase in CEA may be the first indicator of recurrence.34
Although nearly all professional societies recommend CEA testing, the frequency and
duration of testing are not agreed upon (Table I). In addition, the American Society of
Clinical Oncology (ASCO) 2006 Update of Recommendations for the Use of Tumor
Markers in Gastrointestinal Cancer and the 2003 European Group on Tumour Markers
recommend surveillance CEA testing only for patients with stage Il and 111 disease.>8

Periodic surveillance of the colon by colonoscopy is useful in identifying new polyps or
cancers and localized, asymptomatic recurrences amenable to curative treatment.”:8 A meta-
analysis of eight randomized controlled clinical trials in which the authors compared
different intensity surveillance in colorectal cancer survivors demonstrated a survival benefit
and a greater proportion of recurrences amenable to surgical resection in patients undergoing
colonoscopic surveillance.®

Before 2002, there were no published data on the use of computed tomography (CT) scans
for post treatment surveillance. Since then, several studies have demonstrated a survival
benefit for CT scanning of the abdomen to detect liver metastases. The improved survival
has been attributed to the benefit of metastasectomy in patients with isolated liver
metastases.10-14 The efficacy of PET/PET-CT scans in post treatment surveillance has not
been evaluated.

Current guidelines based on these data from the ASCO, the American Gastroenterological
Association, the American Society of Colon and Rectal Surgeons, the National
Comprehensive Cancer Network, the American Society for Gastrointestinal Endoscopy, and
the American Cancer Society and U.S. Multi-Society Task Force on Colorectal Cancer are
summarized in Table 1.10.15-17

Our study uses Texas Cancer Registry and linked Medicare claims data to evaluate guideline
compliance for physician visits, CEA testing, and colonoscopy. We also evaluate the use of
CT scans of the abdomen, where recommendations are more ambiguous, as well as the use
of PET and/or PET-CT, which are not currently recommended. Additionally, we analyzed
physician follow-up patterns and the use of tests stratified by provider medical specialty to
determine if patterns of care were influenced by provider specialty.

METHODS

The Institutional Review Board at the University of Texas Medical Branch determined this
study to be exempt from review. The Texas Department of State Health Services approved
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the study as did the privacy review board of the Centers for Medicare and Medicaid
Services.

Data source

We used Texas Cancer Registry (TCR) and linked Medicare data from 2000 to 2009. The
TCR is a statewide population-based registry that serves as the foundation for measuring the
Texas cancer burden, comprehensive cancer control efforts, health disparities, progress in
prevention, diagnosis, treatment, and survivorship, as well as supports a wide variety of
cancer-related research.1® Medicare data include information on inpatient hospital stays,
physician services, hospital outpatient services, and hospice use.1® Data use agreements
were signed with both data providers.

Cohort selection

The details of the cohort selection are shown in Fig 1. We selected patients with resected
first primary colorectal adenocarcinoma between 2001 and 2006. This allowed us to
evaluate claims (2000-2009) in the year before diagnosis to determine comorbidity and to
follow all patients for 3 years after definitive resection. A total of 12,381 beneficiaries met
the inclusion criteria. Of these, 8,080 survived at least 3 years from the start of the
surveillance period.

Incident cancers were identified from TCR. Adenocarcinoma was identified using
International Classification of Diseases for Oncology, 3rd Edition histology codes 8000,
8050, 8051, 8052, 8010, 8021, 8022, 8140, 8141, 8143, 8145, 8147, 8210, 8211, 8220,
8221, 8230, 8260, 8261, 8262, 8263, 8430, 8440, 8470, 8471, 8480, 8481, 8490, 8550,
8551, 8570, 8571, 8572, 8573, 8574, and 8575. Definitive colorectal resection was identified
from the Medicare claims (Medicare Provider Analysis and Review, carrier, outpatient
Standard Analytical File) using International Classification of Diseases, Ninth Revision
Clinical Modification (ICD-9-CM) procedure codes (45.71-45.76, 45.79, 45.81-45.83,
17.31-17.36, 17.39, 48.41-48.43, 48.49-48.52, 48.59-48.65, and 48.69) and Current
Procedural Terminology, Fourth Edition (CPT-4) codes (44140-44147, 44150-44153,
44160, 44204-44208, 44210, 44155-44158, 45110-45114, 45116, 45119-45121, 45123,
45126, 45160, 45170, 45171, 45172, 44120-44212, 45395, and 45397). These codes
included colon and rectal resections, both open and laparoscopic with or without colostomy.
Patients who underwent stoma formation without resection were not included.

Surveillance period and definition of recurrence

The surveillance period began 90 days after definitive colorectal surgery. All patients were
followed for 3 years or until death in the claims data. The 90-day lag before the start of the
surveillance period was used to exclude tests done for postoperative complications and
routine postoperative physician visits not for surveillance purposes. Of the 12,381 patients,
91.2% were alive at the beginning of the surveillance period. A total of 8,080 patients
survived 3 years after the start of the surveillance period. Observation of guidelines and the
use of nonrecommended tests were measured in patients surviving for the entire 3-year
surveillance period.
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Outcome measures and covariates

Covariates

Medicare claims data in inpatient, outpatient, and carrier files were examined for receipt of
procedures of interest using relevant ICD-9-CM or CPT-4 codes. Procedures included
physician office visits (Evaluation and Management CPT-4 codes: 99201-99215, 99241-
99245), CEA (CPT-4: 82378), colonoscopy (CPT-4: 44388, 44389, 44392-44394, 45378,
45380, 45382-45385, G0105; ICD-9-CM: 45.23, 45.25, 45.41, 45.42, 45.43, 48.36),
abdominal/pelvic CT scan (CPT-4: 72191-72194, 74150, 74160, 74170, 74175, 75635),
PET/PET-CT scan (CPT-4: 78811-78816, G0213, G0214, G0215, G0163, G0231), and
abdominal ultrasound (CPT-4 codes: 76700 and 76705; ICD-9-CM codes: 88.76, 88.74, and
88.79). Duplicated claims for the same procedure on the same date of service were deleted
such that each test was counted only once.

We had two primary outcome measures: overall compliance with current guidelines and use
of nonrecommended surveillance tests (specifically CT abdomen/pelvis, PET/PET-CT, and
ultra-sound). On the basis of a composite measure previously used by Cooper et al,20
patients were considered as complying with guidelines if they had: (1) two or more
physician visits per year for 3 years, (2) two or more CEA tests per year for 2 years, and (3)
at least one colonoscopy in the 3-years surveillance period. We also evaluated compliance
with the individual measures included in the composite measure to understand which
components contributed to lack of compliance. In addition to obtaining overall physician
visits, we evaluated physician visits by specialty using the Medicare Health Care Financing
Administration specialty claims codes. We categorized specialty as primary care physician
(PCP: included general practitioner [01], family practice [08], internal medicine [11],
geriatrician [38]), medical oncolo-gist (medical oncology [90], hematology/oncology [83]),
radiation oncologist (92), gastroenterologist (10), and surgeon (general surgeon [02],
surgical oncologist [91], colorectal surgeon [28]). We evaluated both “any visit” by a
specific specialist in the 3-year surveillance period as well as “regular physician visits”
defined as two or more visits by the same type of physician every year for the 3-year
surveillance period.

Sociodemographic characteristics included age, sex, socioeconomic status, and race/
ethnicity. Charlson comorbidity index was used as a measure of patient comorbidity. Tumor
characteristics included site (colon vs rectum), stage (local vs regional), tumor size, nodal
status, and tumor differentiation. For patients with tumors classified as “rectosigmoid”
(8.1% of the cohort) in TCR, we included them as “rectal” if they underwent radiation either
before or after surgery and as “colon” if they did not. Localized disease was confined to the
bowel wall, whereas regional disease extended to adjacent organs or regional lymph nodes.
All patients underwent surgical resection. The percentage of patients receiving adjuvant
chemotherapy was determined for the overall cohort. For patients with rectal cancer, the
percentage of patients receiving adjuvant or neoadjuvant radiation was determined.
Recurrence after surgery was defined as treatment with nonadjuvant chemotherapy and/or
radiation (starting more than 6 months after surgery or a new course given after adjuvant
therapy was completed), a second colorectal resection for a primary diagnosis of colorectal
cancer, or admission to hospice.
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We calculated summary statistics for the overall cohort and measured the unadjusted
association between patient, tumor, and treatment characteristics and receipt of guideline
adherent post-treatment surveillance for the composite measure as well as the individual
components. Overall and disease-specific survival was calculated for the whole cohort as
well as the colon and rectal subgroups. The overall use of nonrecommended tests was
evaluated. We used a Cochran-Armitage test for trend to evaluate trends in compliance or
use of nonrecommended tests over time. Multivariate logistic regression was used to
determine factors independently associated with the receipt of guideline adherent and non-
recommended surveillance. Both overall compliance and use of nonrecommended tests were
evaluated in the 8,080 patients who survived the entire surveillance period, consistent with
the Cooper study.20

For colonoscopy and CEA measurements we used a Kaplan-Meier time-to-event analysis to
evaluate patterns of regular surveillance. This analysis included all 12,381 patients. We
measured the percent of patients undergoing colonoscopy or CEA from the start of the
surveillance period. Patients were censored when they recurred or died of any cause without
documented recurrence as defined previously as they were no longer “at risk” or eligible for
surveillance. This allowed us to measure overall compliance with colonoscopy and CEA
until death or recurrence in all 12,381 patients, to evaluate the median time to the first test,
and to evaluate the percentage of patients getting the test within the recommended time
frame. In addition, it allowed us to assess regular surveillance. Conditional on receiving a
first test, we were able to assess the time from the first to second test. All P values were
from two-sided tests. All analyses were performed with SAS version 9.2 (SAS Inc, Cary,
NC).

Patient, tumor, and primary treatment characteristics (Table II)

A total of 12,381 patients (mean age 77.1 + 7.1 years; 53.2% female) met our inclusion
criteria; 85.9% of patients were white, 8.1% black, and 4.5% Hispanic. The majority of
patients had a Charlson comorbidity score of zero (58.8%). Eighty percent (86.7%) of
cancers were in the colon of which 43.1% were in the right colon, 33.0% in the left colon,
6.9% in the transverse colon, and 3.7% were unspecified. The remaining 13.3% were rectal
cancers. Surveillance Epidemiology and End Results stage was local in 48.2% and regional
in 51.8% of patients. The remaining tumor characteristics are shown in Table II.

All patients underwent resection of the primary tumor. Adjuvant chemotherapy was
administered to 30.4% of patients. A total of 46.1% of those with regional disease received
adjuvant chemotherapy compared with 13.5% for local disease (P <.0001). In rectal cancer
patients, 46.5% were treated with adjuvant chemotherapy and 30.2% received adjuvant
radiation. Neoadjuvant chemoradiation was administered to only 4.0% of rectal cancer
patients.
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Survival and recurrence

Compliance

The overall 5-year survival rate for the cohort (N = 12,381) was 53.0%. The 5-year survival
was 52.9% and 53.6% for colon and rectal primaries, respectively. The 5-year disease
specific survival was 78.0% for colon and 76.2% for rectal primaries. A total of 11,290
patients (91.2%) survived to the beginning of the surveillance period and 8,080 patients
(65.3%) survived 3 years from the start of the surveillance period, which began 90 days after
surgery. The patient, tumor, and treatment characteristics for the 8,080 patients surviving
three years are also shown in Table Il. As would be expected, patients who survived 3 years
were more likely to be younger, healthier, and had localized disease. A total of 39.4% of
patients experience a recurrence of disease during the study period. Most recurrences
(76.9%) were identified by treatment with nonadjuvant chemotherapy and/or radiation
(starting more than 6 months after surgery or a new course given after adjuvant therapy was
completed), 21.4% were identified upon referral to hospice, 1% were identified when they
underwent a second surgical resection of colorectal cancer, and less than 1% were identified
when they died from colon cancer, without previous evidence of recurrence and likely
represent untreated recurrences.

with current guidelines (Table 111)

Overall compliance (composite measure)—In patients surviving 3 years, compliance
with the composite measure based on current guideline recommendations was 25.1% (Table
[11). Although it was statistically significant, overall compliance only improved from 20.8%
in 2001 to 25.7% in 2007 (Fig 2, P =.018).

Physician visits—Of the three components, compliance with office visits was the highest
(Table I11), with 85.4% of patients seeing a physician at least twice a year for the 3-year
surveillance period. A physician evaluated 98.9% of patients at least one time in the
surveillance period. Beneficiaries most commonly saw PCPs, medical oncologists, surgeons,
and gastroenterologists in the follow-up period (Table 1V), and many patients were co-
followed with 50.4% of patients seeing both an oncologist and a PCP. A PCP alone saw
36.6% of patients and a medical oncologist alone saw 7.0% of patients. Regular physician
visits (two visits per year for 3 years for individual specialist/physician types) were most
common for medical oncologists and PCPs. A total of 30.9% of patients were regularly seen
by a medical oncologist, 46.7% by a PCP, 3.9% by a surgeon, 1.5% by a gastroenterologist,
and less than 1% by a radiation oncologist (Table 1V).

CEA—Measurement of serum CEA twice a year for 2 years was low at 29.5% (Table II)
and was relatively stable over time. A total of 62.1% of patients had at least one CEA in the
3-year surveillance period, and 34.6% had one per year for the 3 years. Of the 5,059 patients
who had a serum CEA drawn during the first year, 80.0% received a second within a year of
the first. The median time between the first and second measurement was 3.7 months,
suggesting regular surveillance in those who were tested.

Colonoscopy—During the 3-year surveillance period, 75.3% of beneficiaries had at least
one colonoscopy (Table I11). Colonoscopy rates decreased slightly over the time period from
75.9% in 2001 to 73.0% in 2006 (Fig 2, P = .037). In a Kaplan-Meier analysis, from the start
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of surveillance, the median time to first colonoscopy was 11.3 months, with 53.7% of
patients having a colonoscopy by the end of the first year and 75.3% by the end of the third
year of surveillance (Fig 3, A). In the patients who had a first colonoscopy after curative
intent treatment, the median time from first colonoscopy to second was 27.6 months, and
58.0% of patients had a second colonoscopy within 3 years as recommended by most
societies (Fig 3, B). After the first colonoscopy, there are peaks in colonoscopy rates at the
1-, 2-, and 3-year time points, suggesting that practice patterns may differ from the
guidelines.

Factors predicting compliance with guidelines (Table V and Table VI)

Table V shows the unadjusted guideline compliance (composite and individual measures) by
patient and tumor characteristics. Patients who were younger, presented with regional
disease, and had seen a medical oncologist were more likely to comply with the composite
guidelines. Compliance increased to 61.5% in patients who were followed regularly by a
medical oncologist compared with 8.8% in patients who were not followed regularly (P <.
0001).

Compliance with CEA serum testing (twice a year for 2 years) was more likely to occur in
younger, healthier patients, those with poorly differentiated tumors, regional disease, rectal
cancers, and in those who were followed regularly by a medical oncologist or PCP. Our
study shows double the rate of guideline-compliant CEA testing in patients with regional
disease, but even in this group, CEA testing twice annually for 2 years was only achieved in
41.0% of patients. Patients younger than 70 years of age were more than twice as likely to
have regular CEA measurements compared with those 85 years and older. CEA testing
showed the greatest improvement in compliance with regular medical oncology visits. Those
who were seen regularly received CEA testing 70.5% of the time compared to 11.1% in
those who did not see an oncologist regularly (P < .0001).

Factors associated with compliance with colonoscopy recommendations were younger age,
white race, Charlson comorbidity score of 0 or 1, and physician follow-up. Similar to CEA
testing, compliance improved more dramatically when a medical oncologist was involved in
follow-up care. Compliance with colonoscopy improved to 86.7% when a medical
oncologist saw patients regularly. Patients not seen regularly by an oncologist received
colonoscopy only 70.1% of the time (P < .0001). On multivariate analysis, male sex,
younger age, regional disease, regular medical oncology visits, and regular PCP visits were
associated with overall guideline compliance (Table V1I).

Use of nonrecommended tests

The use of CT of the abdomen, PET and/or PET-CT increased sharply from 2001 to 2006.

In 2001, the use of CT and PET/PET-CT was 57.5% and 9.5% respectively. This increased
to 65.8% and 24.6% in 2006 (P < .0001; Fig 4). Factors associated with use of these imaging
modalities were similar to those associated with guideline compliance (Table VI). Patients
evaluated by a medical oncologist at any point were more likely to obtain CT scans and
PET/PET-CT scans. Patients with regular PCP visits were more likely to have CT scans, but
not PET/PET-CT (Table VI). CT and PET/PET-CT were also more common with increasing
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year of diagnosis, in patients with rectal primaries, in patients with regional disease, and for
PET/PET-CT, in those with poorly differentiated tumors.

We found evidence of regular use of abdominal CT and PET/PET-CT. 50.5% of patients
who received a CT scan received a second one within a year and 33.0% of patients who
received a PET/PET-CT scan received a second one within a year. Only 15.9% (n = 1,287)
had an abdominal ultra-sound in the 3-year surveillance period. Of those patients who had
one abdominal ultrasound, a second abdominal ultrasound was performed in 19.8% of
patients.

DISCUSSION

Compliance with the minimal recommendations for post treatment surveillance of colorectal
cancer occurred in only 25% of patients with resected primary colorectal cancer. The
poorest compliance occurred with serum CEA measurements, with better compliance for
physician visits and colonoscopy. Although underuse of recommended testing is evident,
there is also a pattern of testing in excess of the recommended guidelines in this patient
population. The use of PET scans and PET/CT scans increased during the study period
despite no professional society recommendations for PET/PET-CT use in post treatment
surveillance. Similarly, CT scan use increased over time, although it was not recommended
for post treatment surveil-lance until near the end of our study period in 2005. The use of
nonrecommended tests correlates with guideline compliance, with patients adhering to
guidelines being more likely to undergo additional testing. Additionally, there was a
difference in guideline compliance on the basis of which medical specialist provided post
treatment surveillance care. Evaluation by a medical oncologist during the follow up period
had the strongest association with improvement of guideline compliance. However, medical
oncologist follow-up was also associated with the greatest increase in the use of
nonrecommended tests.

Our results show minimal improvement over previous population-based data on guideline
compliance. An earlier population based study, using Surveillance Epidemiology and End
Results—Medicare-linked data and an identical composite measure of guideline compliance,
found that in patients diagnosed between 2000 and 2001, overall guideline compliance was
only 17.1%.20 The authors also evaluated the use of cross-sectional imaging studies in this
population. Imaging in excess of guidelines was defined, by the authors, as the receipt of =1
CTscan and/or =1 PETscan in patients who met overall guideline recommendations.
Guideline recommendations were exceeded in 22.7% of patients. Similar to our results,
younger age and regional tumors were found to be predictors of both compliance and
overuse of imaging studies.2? Our study demonstrates further increase in the use of
nonrecommended tests.

There is disagreement regarding the benefit of serial CEA measurements in surveillance.
Although some studies suggest it is a cost-effective surveillance strategy,12 others have
documented negligible improvements in survival.21-23 Qur study demonstrated overall rates
of CEA testing compliance to be only 29.5%. This is lower than the 46.7% demonstrated in
the earlier population-based study by Cooper et al?® and the 32.8% documented in a Swiss
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cohort study.24 Although initially recommended in all patients, the 2006 ASCO guidelines
recommended CEA testing only in stage 11-111 colorectal cancers.® Our study includes stage
I cancers and therefore may overestimate noncompliance. However, compliance was <50%
even in patients with regional disease. Serial CEA measurements may not be useful for
surveillance in patients whose primary tumor was a non-CEA—producing tumor. Since we
could not identify these patients in TCR-Medicare data, we may be overestimating
noncompliance. However, the percentage of non-CEA—producing tumors should be low, as
it is estimated that approximately 60-90% of recurrent colon cancers produce CEA.24:25

Screening for liver metastases may be performed with abdominal ultrasonography, CT, or
PET/PET-CT. In Europe, abdominal ultrasound has proven an effective imaging modality in
the detection of hepatic metastases amenable to surgical resection.26-28 However, in their
2005 update, the American Society of Clinical Oncology did not find sufficient evidence
supporting the recommendation for abdominal ultrasound in post treatment surveillance.10
Only 16% of patients in our study underwent abdominal ultrasound in the 3-year
surveillance period.

Three meta-analyses and one prospective randomized trial identified a benefit in the
detection of resectable liver metastases and improved survival in patients undergoing
periodic abdominal CT scans.11-14 Currently, CT scanning of the chest, abdomen, and pelvis
is recommended for patients at high risk for recurrence, such as those with poorly
differentiated tumors or those whose pathology demonstrates lymphovascular invasion.
Because cross-sectional imaging was not recommended during most of our study period, we
considered the use of CT in post treatment surveillance in excess of the recommended
guidelines. However, it is possible that the increase we observed in CT scan use may be due
to the initial findings of benefit first published in 2002 and may represent indicated studies.

In a study evaluating the changes in use and the costs of diagnostic imaging studies among
Medicare beneficiaries with cancer, researchers found that imaging studies contribute less
than 6% of total health care expenditure but the costs for CT scans, PET, and MRI are
increasing twice as fast as the overall cost of cancer care.29 Consistent with these findings,
the use of PET/PET-CT increased sharply during the study period and in 2007 was
performed in nearly a quarter of survivors. Although PET-CT has been found to be more
sensitive compared with CT in the detection of recurrence, new primary tumors, and
metastatic disease in several trials,39-33 there is a paucity of published data on the added
value of PET/PET-CT in the detection of recurrence or metastatic disease in patients being
followed in a surveillance program.34

Further studies are needed to determine the comparative effectiveness of various post
treatment surveillance strategies on overall and disease-specific survival, disease-free
survival, and cost. The data generated in our study are the first step in using observational
data to evaluate the comparative effectiveness of CT and/or PET-based surveillance
strategies as well as other less expensive modalities, such as abdominal ultrasonography.
However, studying the comparative effectiveness of these strategies in an observational
dataset presents many challenges. A simple comparison of the percent of patients with
detected recurrence in the compliant and noncompliant groups is subject to significant
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selection bias. Advanced statistical methods such as propensity score analyses or
instrumental variable analyses will be needed to control for selection bias when evaluating
outcomes such as overall survival, time to recurrence, and disease-free survival.

Involvement of both medical oncologists and PCPs in the care of colorectal cancer patients
has been shown to improve the receipt of non-cancer related health care for chronic medical
conditions.3%:36 It has also been demonstrated that colorectal cancer survivors who did not
see a medical oncologist were less likely to undergo surveillance colonoscopy when
compared to patients seen by an oncologist (27.6% vs 46.7%).3% In our study, compliance
with surveillance guidelines was markedly improved in patients followed regularly by a
medical oncologist compared with patients not followed regularly by a medical oncologist
(61.5% vs 8.8%).

Although our study highlights the importance of involvement of a medical oncologist in the
follow-up of colorectal cancer survivors, we hesitate to conclude that a medical oncologist
should follow all colorectal cancer patients. Compliance with guidelines is improved with
medical oncology follow-up; however, the use of nonrecommended tests is also increased.
Moreover, with the increasing number of older patients and prolonged survival of colorectal
cancer survivors, it is not feasible for medical oncologists to follow all patients long-term.
We need to educate providers caring for colorectal cancer patients and improve the
communication between oncologists and primary care providers in the transfer of
survivorship care back to the PCPs. In the current era of highly specialized medicine, PCPs
may erroneously assume that an oncologist is involved and consequently do not take on post
treatment surveillance care.

Our study has several limitations. We did not investigate the indication for medical services.
Compliance with physician visits may be overestimated because these services may have
been rendered as part of care not related to the patient's diagnosis of colorectal cancer.
Likewise, specific billing claims for physical examination components, such as digital rectal
exams are not available; therefore, we cannot evaluate the completeness or thoroughness of
the physical examinations performed. Similarly, imaging may have been prompted by
symptoms or may have been obtained to diagnose complications related to treatment.
Therefore, the use of CT and PET/PET-CT may be overestimated. Despite this limitation,
we would not expect the proportion of symptomatic patients to change over time, so the
increasing trend remains striking. Clinically, a PET scan may be obtained to work-up an
elevated CEA when a CT scan does not demonstrate a recurrence. We did not analyze the
number of PET/PET-CTs obtained after a CTscan. In addition, there may be reasons for lack
of surveillance in older patients. Some patients may be deemed too frail or have too many
comorbid conditions to undergo retreatment of a recurrent cancer and therefore post
treatment surveillance is not viewed to be of benefit. Likewise, older patients may decline
surveillance because they may be unwilling to undergo retreatment even if it is
recommended by their physician.

Our study demonstrates inadequate post treatment surveillance in older patients after
resection for early stage primary colorectal cancer. Given the prevalence of colorectal cancer
and recurrence rates of 30-40%, assurance of appropriate post-treatment surveillance is an
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important health care issue. Improved compliance can be achieved through standardization
of guidelines across societies. Such standardization needs to be driven by quality studies
evaluating the comparative effectiveness of current and newer surveillance strategies and
may vary based on initial tumor stage. Improved education for nononcologic physicians
following colorectal cancer survivors, improved communication, and transition of care from
medical oncologists to PCPs after completion of adjuvant therapy may improve the quality
of surveillance in this vulnerable population.

Acknowledgments

Supported by Cancer Prevention Research in Texas grant #RP101207-P03, Clinical and Translational Science
Award #UL1TR000071, and NIH T-32 Grant #5T32DK007639. The collection of cancer incident data used in this
study was supported by the Texas Department of State Health Services and Cancer Prevention Research Institute of
Texas, as part of the statewide cancer reporting program, and the Centers for Disease Control and Prevention's
National Program of Cancer Registries Cooperative Agreement #5U58/DP000824-05. Its contents are solely the
responsibility of the authors and do not necessarily represent official views of the DSHS, CPRIT, or CDC.

REFERENCES

1. Graham RA, Wang S, Catalano PJ, et al. Postsurgical surveil-lance of colon cancer: preliminary cost
analysis of physician examination, carcinoembryonic antigen testing, chest x-ray, and colonoscopy.
Ann Surg. 1998; 228:59-63. [PubMed: 9671067]

2. Renehan AG, O'Dwyer ST, Whynes DK. Cost effectiveness analysis of intensive versus
conventional follow up after curative resection for colorectal cancer. BMJ. 2004; 328:81. [PubMed:
14715603]

3. Minton JP, Hoehn JL, Gerber DM, et al. Results of a 400-patient carcinoembryonic antigen second-
look colorectal cancer study. Cancer. 1985; 55:1284-90. [PubMed: 3971297]

4. Wanebo HJ, Llaneras M, Martin T, et al. Prospective monitoring trial for carcinoma of colon and
rectum after surgical resection. Surg Gynecol Obstet. 1989; 169:479-87. [PubMed: 2683153]

5. Duffy MJ, van Dalen A, Haglund C, et al. Clinical utility of biochemical markers in colorectal
cancer: European Group on Tumour Markers (EGTM) guidelines. Eur J Cancer. 2003; 39:718-27.
[PubMed: 12651195]

6. Locker GY, Hamilton S, Harris J, et al. ASCO 2006 update of recommendations for the use of
tumor markers in gastrointestinal cancer. J Clin Oncol. 2006; 24:5313-27. [PubMed: 17060676]

7. Brady PG, Straker RJ, Goldschmid S. Surveillance colonos-copy after resection for colon
carcinoma. South Med J. 1990; 83:765-8. [PubMed: 2371598]

8. Winawer SJ, Zauber AG, Ho MN, et al. Prevention of colorectal cancer by colonoscopic
polypectomy. The National Polyp Study Workgroup. N Engl J Med. 1993; 329:1977-81. [PubMed:
8247072]

9. Tjandra JJ, Chan MK. Follow-up after curative resection of colorectal cancer: a meta-analysis. Dis
Colon Rectum. 2007; 50:1783-99. [PubMed: 17874269]

10. Desch CE, Benson AB, Somerfield MR, et al. Colorectal cancer surveillance: 2005 update of an
American Society of Clinical Oncology practice guideline. J Clin Oncol. 2005; 23:8512-9.
[PubMed: 16260687]

11. Renehan AG, Egger M, Saunders MP, et al. Impact on survival of intensive follow up after
curative resection for colorectal cancer: systematic review and meta-analysis of randomised trials.
BMJ. 2002; 324:813. [PubMed: 11934773]

12. Jeffery GM, Hickey BE, Hider P. Follow-up strategies for patients treated for non-metastatic
colorectal cancer. Cochrane Database Syst Rev. 2002; (1):CD002200. [PubMed: 11869629]

13. Figueredo A, Rumble RB, Maroun J, et al. Follow-up of patients with curatively resected
colorectal cancer: a practice guideline. BMC Cancer. 2003; 3:26. [PubMed: 14529575]

Surgery. Author manuscript; available in PMC 2013 November 25.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Vargas et al.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Page 12

Chau I, Allen MJ, Cunningham D, et al. The value of routine serum carcino-embryonic antigen
measurement and computed tomography in the surveillance of patients after adjuvant
chemotherapy for colorectal cancer. J Clin Oncol. 2004; 22:1420-9. [PubMed: 15007086]

McFarland EG, Levin B, Lieberman DA, et al. Revised colorectal screening guidelines: joint effort
of the American Cancer Society, U.S. Multisociety Task Force on Colorectal Cancer, and
American College of Radiology. Radiology. 2008; 248:717-20. [PubMed: 18710970]

Tsikitis VL, Malireddy K, Green EA, et al. Postoperative surveillance recommendations for early
stage colon cancer based on results from the clinical outcomes of surgical therapy trial. J Clin
Oncol. 2009; 27:3671-6. [PubMed: 19564531]

Anthony T, Simmang C, Hyman N, et al. Practice parameters for the surveillance and follow-up of
patients with colon and rectal cancer. Dis Colon Rectum. 2004; 47:807-17. [PubMed: 15108028]

Texas Cancer Registry. Available at: http://www.dshs.state.tx.us/tcr/

Research Data Assistance Center (ResDAC). Medicare Claims. Available at: http://
www.resdac.org/cms-data/file-family/Medicare-Claims

Cooper GS, Kou TD, Reynolds HL. Receipt of guideline-recommended follow-up in older
colorectal cancer survivors: a population-based analysis. Cancer. 2008; 113:2029-37. [PubMed:
18780338]

Moertel CG, Fleming TR, Macdonald JS, et al. An evaluation of the carcinoembryonic antigen
(CEA) test for monitoring patients with resected colon cancer. JAMA. 1993; 270:943-7.
[PubMed: 8141873]

Wolf RF, Cohen AM. The miniscule benefit of serial carcinoembryonic antigen monitoring after
effective curative treatment for primary colorectal cancer. J Am Coll Surg. 1997; 185:60-4.
[PubMed: 9208962]

Scheer A, Auer RA. Surveillance after curative resection of colorectal cancer. Clin Colon Rectal
Surg. 2009; 22:242-50. [PubMed: 21037815]

Kelly CJ, Daly JM. Colorectal cancer. Principles of postoperative follow-up. Cancer. 1992; 70(5
Suppl):1397-408. [PubMed: 1511391]

McCall JL, Black RB, Rich CA, et al. The value of serum carcinoembryonic antigen in predicting
recurrent disease following curative resection of colorectal cancer. Dis Colon Rectum. 1994;
37:875-81. [PubMed: 8076486]

Mann CD, Metcalfe MS, Neal CP, et al. Role of ultrasonography in the detection of resectable
recurrence after hepatectomy for colorectal liver metastases. Br J Surg. 2007; 94:1403-7.
[PubMed: 17631680]

Nicolini A, Ferrari P, Duffy MJ, et al. Intensive risk-adjusted follow-up with the CEA, TPA,
CA19.9, and CA72.4 tumor marker panel and abdominal ultrasonography to diagnose operable
colorectal cancer recurrences: effect on survival. Arch Surg. 2010; 145:1177-83. [PubMed:
21173292]

Rodriguez-Moranta F, Sal6 J, Arcusa A, et al. Postoperative surveillance in patients with colorectal
cancer who have undergone curative resection: a prospective, multicenter, randomized, controlled
trial. J Clin Oncol. 2006; 24:386-93. [PubMed: 16365182]

Dinan MA, Curtis LH, Hammill BG, et al. Changes in the use and costs of diagnostic imaging
among Medicare beneficiaries with cancer, 1999-2006. JAMA. 2010; 303:1625-31. [PubMed:
20424253]

Flanagan FL, Dehdashti F, Ogunbiyi OA, et al. Utility of FDG-PET for investigating unexplained
plasma CEA elevation in patients with colorectal cancer. Ann Surg. 1998; 227:319-23. [PubMed:
9527052]

Lai DT, Fulham M, Stephen MS, et al. The role of whole-body positron emission tomography with
[18F]fluorodeoxyglucose in identifying operable colorectal cancer metastases to the liver. Arch
Surg. 1996; 131:703-7. [PubMed: 8678767]

Deleau C, Buecher B, Rousseau C, et al. Clinical impact of fluorodeoxyglucose-positron emission
tomography scan/computed tomography in comparison with computed tomography on the
detection of colorectal cancer recurrence. Eur J Gastroenterol Hepatol. 2011; 23:275-81.
[PubMed: 21304319]

Surgery. Author manuscript; available in PMC 2013 November 25.


http://www.dshs.state.tx.us/tcr/
http://www.resdac.org/cms-data/file-family/Medicare-Claims
http://www.resdac.org/cms-data/file-family/Medicare-Claims

1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Vargas et al.

33.

34.

35.

36.

Page 13

Lee JH, Park SG, Jee KN, et al. Performance of FDG PET/CT in postoperative colorectal cancer
patients with a suspected recurrence and a normal CEA level. Nucl Med Commun. 2010; 31:576—
82. [PubMed: 20216474]

Potter KC, Husband JE, Houghton SL, et al. Diagnostic accuracy of serial CT/magnetic resonance
imaging review vs. positron emission tomography/CT in colorectal cancer patients with suspected
and known recurrence. Dis Colon Rectum. 2009; 52:253-9. [PubMed: 19279420]

Snyder CF, Earle CC, Herbert RJ, et al. Trends in follow-up and preventive care for colorectal
cancer survivors. J Gen Intern Med. 2008; 23:254-9. [PubMed: 18197456]

Earle CC, Neville BA. Under use of necessary care among cancer survivors. Cancer. 2004;
101:1712-9. [PubMed: 15386307]

Surgery. Author manuscript; available in PMC 2013 November 25.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Vargas et al.

Colon or Part A&B
Cancer Rectal w/oHMO i Survived
diagnosis | cancer AgeG6or | Histology | Exclude | Texas | localor Y 'qyrprior | Jnvalid | surgical
2001-2006 | €x€luding confirmed residents digease and 3yrs 8 resection
3 in_situ N=17,520 N=14.772 ‘post . N=12,381
N=356,339 | carcinoma g diagnosis )
N=35,724 N=13,721

diagnosis
N=25,612

Fig 1.
Cohort selection. HMO, Health maintenance organization.

Surgery. Author manuscript; available in PMC 2013 November 25.

Page 14



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Vargas et al.

100

90

80

70

60

50

40

% Adherence

30

20

Fig 2.

— = — = L —
o — X e — e
- =
—e - Guideline
—a— Physician Visit
-4- CEA
—x— Colonoscopy
By ATmmmoeee koo n-. Ammm—————— A
""" =T T T T e e - ==
- -
2001 2002 2003 2004 2005 2006

Page 15

Trends in compliance with composite measure guidelines, physician visits, serum CEA

measurements, and colonoscopy from 2001 to 2006.
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Time to first and second colonoscopies. (A) Time to first colonoscopy. (B) Time from first to
second colonoscopy.
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Table Il

Patient, tumor, and primary treatment characteristics

Patient demographics n=12,381 n = 8,080
Age (y), mean + SD 77171 75.7+6.5
Female sex* 6,590 (53.2) 4,337 (53.7)
Race (n = 12,365)
White 10,621 (85.9) 6,985 (86.5)
Black 998 (8.1) 614 (7.6)
Hispanic 550 (4.5) 339 (4.2)
Other 196 (1.6) 134 (1.7)
Charlson comorbidity score
0 7,284 (58.8) 5,197 (64.3)
1 2,867 (23.2) 1,786 (22.1)
2 1,202 (9.7) 661 (8.2)
3 1,028 (8.3) 436 (5.4)
Tumor characteristics
Colon cancer 10,734 (86.7) 6,427 (79.5)
Rectal cancer 1,647 (13.3) 1,653 (20.5)
Local 5970 (48.2) 4,422 (54.7)
Regional 6,411 (51.8) 3,658 (45.3)
Tumor size (N = 10,095), mean, mm 44.3 42.3
Lymph node status (N = 11,342/7,405)
Positive 3,862 (34.1) 2,050 (27.7)
Negative 7,480 (66.0) 5,355 (72.3)
Poorly differentiated 2,164 (17.5) 1,161 (14.4)
Site
Right 5,339 (43.1) 3,439 (42.6)
Left 4,081(33.0) 2,864 (35.5)
Transverse 854 (6.9) 528 (6.5)
Unspecified 460 (3.7) 292 (3.6)
Treatment
Adjuvant chemotherapy (yes) 3,760 (30.4) 2,656 (32.9)
Adjuvant radiation (rectal cancer only) 310 (21.2) 200 (20.9)
Neoadjuvant chemotherapy (yes) 665 (5.4) 456 (5.6)
Neoadjuvant radiation (rectal cancer only) 717 (29.2) 505 (30.5)

*
Values are n (%) unless otherwise indicated.
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Compliance with recommended guidelines

Compliance Overall, N = 8,080

PCP (regular follow—up),* n=3775 Medical oncologist (regular follow—up),* n=2,498

Composite measuret 2,029 (25.1)

Office visits 6,898 (85.4)
CEA 2,382 (29.5)
Colonoscopy 6,080 (75.3)

1,046 (27.7)
3,775 (100)
1,201 (31.8)
2,998 (79.4)

1,537 (61.5)
2,498 (100)
1,761 (70.5)
2,166 (86.7)

CEA, Carcinoembryonic antigen.
*
Two visits per year for 3 years.

TValues are n (%) unless otherwise indicated.
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Table IV

Physician visits during 3-year follow-up, N = 8,080

. - . .
Physician specialty Any visit Regular visits

Any physician 7,998 (98.9) 6,898 (85.4)
Medical oncologist 4,642 (57.5) 2,498 (30.9)
PCP 7,032 (87.0) 3,775 (46.7)
Surgeon 4,554 (56.4) 313 (3.9)
Radiation oncologist 5,83 (7.2) 18(0.2)
Gastroenterologist 3,340 (41.3) 123 (1.5)

PCP, Primary care physician.
*
Regular visits = =2 visits per year.

TVaIues are n (%) unless otherwise indicated.
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Table V

Bivariate analysis of factors predicting compliance with composite guidelines, CEA measurements, and
colonoscopy

Factor (P value) Guideline compliance  Serum CEA measurement compliance  Colonoscopy compliance

1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Age, years™ T4

6669 530 (32.5)8 597 (36.6) 1,385 (84.9)

70-74 642 (29.6) 739 (34.0) 1,774 (81.7)

75-79 527 (25.8) 619 (30.3) 1,586 (77.6)

80-84 249 (18.3) 301 (22.1) 925 (68.0)

>85 81(9.3) 126 (14.4) 410 (46.8)
Sex

Male 927 (24.8) 1,095 (29.3) 2,851 (76.2)

Female 1,102 (25.4) 1,287 (29.7) 3,229 (74.5)
Racet

White 1,789 (25.6) 2,083 (29.8) 5,335 (76.4)

Black 138 (22.5) 163 (26.6) 434 (70.7)

Hispanic 70 (20.7) 93 (27.4) 214 (63.1)

Other 31(23.1) 41 (30.6) 92 (68.7)
Cancer type*vT

Colon 1,578 (24.6) 1,842 (28.7) 4,854 (75.5)

Rectal 451 (27.3) 540 (32.7) 1,226 (74.2)
Differentiation™ T

Poorly differentiated 363 (31.3) 429 (37.0) 860 (74.1)

Well differentiated 1,666 (24.1) 1,953 (28.2) 5,220 (75.4)
Stage*'TvI

Local 763 (17.3) 882 (20.0) 3,375 (76.3)

Regional 1,266 (34.6) 1,500 (41.0) 2,705 (74.0)
Charlson comorbidity score™ T ¥

0 1,380 (26.6) 1,610 (31.0) 3,997 (76.9)

1 430 (24.1) 507 (28.4) 1,348 (75.5)

2 141 (21.3) 171 (25.9) 457 (69.1)

>3 78 (17.9) 94 (24.6) 278 (63.8)
Medical oncologist visits™ T

Regular medical oncologist 1,537 (61.5) 1,761 (70.5) 2,166 (86.7)

No regular medical oncologist visit 492 (8.8) 621 (11.1) 3,914 (70.1)
PCP visits ™ T F

Regular PCP visits 1,046 (27.7) 1,201 (31.8) 2,998 (79.4)

No regular PCP visits 983 (22.8) 1,181 (27.4) 3,082 (71.6)
Year of diagnosis*vJr

2001 281 (20.8) 325(24.0) 1,026 (75.9)
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Factor (P value)

Guideline compliance  Serum CEA measurement compliance  Colonoscopy compliance

2002
2003
2004
2005
2006

Education™ ¥
Quartile 1
Quartile 2
Quartile 3
Quartile 4

Income™ T
Quartile 1
Quartile 2
Quartile 3
Quartile 4

361 (25.4)
390 (27.2)
353 (26.3)
338 (25.3)
306 (25.7)

440 (23.0)
444 (22.9)
543 (26.8)
585 (27.3)

406 (21.4)
452 (22.9)
560 (27.7)
594 (28.1)

416 (29.2)
461 (32.2)
415 (30.9)
404 (30.3)
361 (30.3)

520 (27.2)
545 (28.1)
621 (30.7)
676 (31.6)

497 (26.2)
536 (27.2)
647 (32.0)
682 (32.2)

1,085 (76.2)
1,002 (76.3)
1,017 (75.6)
990 (74.2)
870 (73.0)

1,362 (71.2)
1,447 (74.6)
1,547 (76.5)
1,674 (78.2)

1,354 (71.3)
1,456 (73.8)
1,551 (76.7)
1,669 (78.8)

P values for XZ analysis representing any difference within categories.

CEA, Carcinoembryonic antigen; PCP, primary care physician.

*
P <.02 for guideline compliance.

TP < .02 for CEA compliance.

t

P < .02 for colonoscopy compliance.

§Values are n (%) unless otherwise indicated.
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Multivariate analysis of factors predicting compliance with guidelines and use of CT and PET/PET-CT

Table VI

Factor (Ref)

Guideline compliance OR (95% CI)

CT use OR (95% Cl)

PET/PET-CT use OR (95% ClI)

Age (=85 years)
66-69
70-74
75-79
80-84
Sex (male)
Race (Hispanic)
Black
White
Other

Cancer (rectum)

Poorly differentiated (no)

Stage (local)

Charlson comorbidity score (0)

1
2
>3

Medical oncologist visit (no)
PCP visit 2x/3 years (no)

Year of diagnosis (per year)

Education (Q1)
Q2
Q3
Q4

2.80 (2.09-3.74)
2.55 (1.92-3.39)
2.47 (1.85-3.28)
1.84 (1.36-2.50)
1.14 (1.00-1.29)

1.40 (0.94-2.07)
1.31(0.94-1.82)
1.13 (0.63-2.03)
1.03 (0.87-1.22)
1.09 (0.92-1.29)
1.48 (1.30-1.68)

0.96 (0.83-1.12)
0.76 (0.60-0.96)
0.75 (0.55-1.01)

14.22 (12.49-16.18)

151 (1.33-1.72)
1.02 (0.98-1.06)

1.03 (0.86-1.24)
1.28 (1.07-1.54)
1.38 (1.15-1.65)

1.85 (1.54-2.21)
1.71 (1.44-2.03)
1.59 (1.34-1.88)
1.28 (1.07-1.53)
0.99 (0.90-1.09)

0.95 (0.70-1.28)
0.88 (0.69-1.14)
0.92 (0.59-1.44)
0.60 (0.51-0.69)
1.17 (1.01-1.35)
1.69 (1.53-1.87)

1.12 (1.00-1.27)
1.18 (0.98-1.41)
1.01 (0.82-1.25)
3.75 (3.31-4.25)
1.27 (1.15-1.40)
1.07 (1.04-1.10)

1.06 (0.92-1.22)
0.99 (0.86-1.14)
1.00 (0.87-1.15)

2.54 (1.89-3.42)
2.46 (1.84-3.29)
2.27 (1.69-3.04)
1.72 (1.26-2.35)
0.84 (0.75-0.96)

0.87 (0.60-1.26)
0.94 (0.69-1.28)
1.14 (0.67-1.95)
0.61 (0.52-0.71)
1.25 (1.06-1.47)
1.69 (1.49-1.91)

0.94 (0.81-1.10)
1.11 (0.88-1.38)
0.83 (0.62-1.12)
430 (3.79-4.88)
1.07 (0.94-1.21)
1.23 (1.18-1.27)

0.72 (0.61-0.87)
0.81 (0.68-0.97)
0.89 (0.74-1.05)
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95% Cl, 95% confidence interval; CT, computed tomography; OR, odds ratio; PCP, primary care physician; PET, positron emission tomography.
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